THIS report deals with a projection system originating in that part of the orbital surface of the frontal lobes of monkeys which has been designated area 13 by Walker (1940) and which corresponds roughly to area FF of von Bonin and Bailey (1947) . As first shown by Spencer (1894), stimulation of this neocortical area causes conspicuous changes of blood pressure and arrest of respiration; its bilateral ablation is followed by marked motor hyperactivity (Ruch and Shenkin, 1943; Livingston et ah, 1948), i.e. incessant resdessness and pacing.
THIS report deals with a projection system originating in that part of the orbital surface of the frontal lobes of monkeys which has been designated area 13 by Walker (1940) and which corresponds roughly to area FF of von Bonin and Bailey (1947) . As first shown by Spencer (1894) , stimulation of this neocortical area causes conspicuous changes of blood pressure and arrest of respiration; its bilateral ablation is followed by marked motor hyperactivity (Ruch and Shenkin, 1943; Livingston et ah, 1948) , i.e. incessant resdessness and pacing.
Thalamic interconnexions of the orbital surface have not yet been clearly traced. Thus Walker (1940) remarks, "This area presumably receives a projection from the medial part of the medial thalamic nucleus." Von Bonin and Green (1949) state that the thalamocortical connexions of the area are less than might be expected. They conclude that the medioventral part of the medial thalamic nucleus projects to the orbital surface, although none of their lesions is restricted to the neocortical region with which this paper is concerned. No specific Marchi studies have yet been reported on the corticothalamic relationship of the posterior orbital surface.
In 1948 the existence of projections from this area to the hypothalamus in man were reported personally by M. Meyer to Le Gros Clark of Oxford; the fibres were shown by a silver technique in a single case of human frontal lobotomy. Von Bonin and Green (1949) found signs of retrograde degeneration after a lesion which involved both die area which is to be studied here and a small amount of allocortex which runs along the posterior edge of area FF. Ward and McCulloch (1947) , using strychnine applied to the orbital surface, recorded spikes from the nucleus paraventricularis and the posterior hypothalamic area.
We here offer evidence of a direct fine-fibred projection from the posterior orbital surface to the hypothalamus and caudate nucleus.
METHODS
Three rhesus monkeys (Macaca mulatto) were operated on under amytal anaesthesia. A bone flap was turned to expose the left cerebral hemisphere and the orbital surface was brought into view by gentle retraction of the lateral border of the frontal pole. In one case the area to be undercut was first identified by stimulation, thus defining the limits of the region from which respiratory and blood pressure changes could be obtained. The cortex was undercut with a thin spatula. In animals Ml and 2 small accidental lesions of the lateral surface occurred but in M3 the lesion was clean and isolated. The dura was closed, the bone flap replaced, and the muscle and scalp closed in layers.
Recovery was uneventful although all animals showed mild hyperactivity. After ten days the animals were sacrificed. The area of the lesion was studied by the Marchi method to determine the extent of the lesion. The areas to which it was thought fibres might project were studied by the fine-fibre silver method of Bielschowsky as modified by Glees (1946) and Wall (1950) .
RESULTS
The extent of the lesions in the three monkeys is shown in figs. 1, 2 and 3, and the depth of the lesion in fig. 4 . In view of the difficulties involved in the fine-fibre staining technique, we have recognized degeneration as occurring only in the following circumstances: first, when there was clear contrast between the operated and control sides stained simultaneously; second, when the section showed a clear agranular background with discrete parallel-sided fibres; third, only gross distortions of fibre shape and termination were accepted as evidence of degeneration.
Caudate nucleus.-Clear degeneration occurred in the head of the
M I
Fie. 1.
M 2
Fie. 2. caudate nucleus. The degeneration was present in relatively high concentration, especially in the upper part of the caudate head. This degeneration was clear in both animals Ml and 2.
Putamen.-No significant degeneration. Globus pallidus.-No> significant degeneration.
Thalamus.-Careful search of the thalamic nuclei and their immediate surroundings revealed no obvious degeneration. The dorsomedial nucleus did not contain degenerating endings nor were there any in the reticular formation.
Hypothalamus.-In Ml and 3 there were striking signs of degeneration. It is extremely difficult to follow any fibre tract by this method but there was the appearance of fibres arriving dorsally over the optic chiasm and turning ventrally where there was evidence of fibres ending in the paraventricular nuclei and the ventromedial nucleus of the hypothalamus in its posterior part (see figs. 5 and 6). posterior border the lesion in Ml involved some of the allocortex posterior to area 13 (area FF) but hypothalamic and caudate degeneration was also seen in M2 which did not have any of this allocortex involved. The superior border of the lesions comes very close to two structures-first, the caudate nucleus, and second, the depths of sulcus principalis. The danger that fibres leaving the ventral part of the caudate nucleus may have been damaged cannot be denied although it is improbable that many would have been involved. Direct involvement of the caudate in the lesion cannot explain the degeneration seen within the caudate since the areas of degeneration were more superior and posterior at some distance from the orbital surface. However, to settle this question finally, we intend to carry out thermocoagulation lesions of the cortex to avoid any possible damage to deep structures. There is no doubt from sections of the area of the lesion (fig. 4 ) that the depths of sulcus principalis were not affected.
The accidental lesions in Ml and 2 were not important because the same picture was seen in M3 in which there was no extraneous injury of the cortex. The possible damage to the lateral border of the frontal lobe caused by retraction of the edge to expose the orbital surface has probably little significance since Marchi degeneration was not seen in this area.
It is not yet possible to estimate the density of fibre degeneration since homogeneous staining over large areas of the central nervous system is difficult to obtain with this technique. Similarly, we cannot claim that this study has shown all the projections of the orbital surface. The functional significance of the two pathways has been investigated by one of us (P. D. W.). It is clear that the pathways mediating the blood pressure effects resulting from orbital surface stimulation run quite separately from those responsible for the respiratory reactions. This has been shown by making discrete lesions in the hypothalamic area (thus cutting the orbital projections); this abolishes the blood pressure response to further orbital surface stimulation but leaves the respiratory control unaffected. Caudate stimulation in the area in which the fibres from the orbital surface are believed to end cause only respiratory changes with minimal effect on the systolic pressure. The question remains as to what pathways are concerned in the hyperactivity which follows upon ablation of the orbital gyri. Such hyperactivity appears to be inhibited by discrete hypothalamic lesions, but a further analysis of this point is needed.
SUMMARY
Lesions were made in the posterior orbital surface of three monkeys {Macaca mulatto). The animals were sacrified ten days after the operation and fine-fibre degeneration was investigated by a silver staining method. Direct projections were shown from the orbital surface to the ventromedial and the paraventricular nuclei of the hypothalamus and to the caudate nucleus ( fig. 7) . Physiological work on the significance of these projections is discussed.
Fie. 7.-The two directions in which fibres have been shown to project from the orbital surface. On the left the caudate nucleus is shown cross-hatched, receiving a projection into the head of the caudate. On the right the projection to the hypothalamus is shown.
